At the final follow-up, using Flynn's overall modified classification, the clinical result was considered to be excellent in 99 patients (91.6%), good in five (4.6%) and poor in four (3.7%). All the poor results were due to a poor cosmetic result, but had good or excellent function. Technical error in the initial management of these four cases was thought to be the cause of the poor results. The protocol described resulted in good or excellent results in 96% of our patients, providing a safe and efficient treatment for displaced supracondylar fractures of the humerus even in less experienced hands. Extension supracondylar fracture of the humerus is the most common fracture around the elbow in children.
Immobilisation in a cast is generally accepted as the standard treatment for non-displaced fractures but there is controversy as to the best treatment for displaced fractures.
Our aim was to design a simple and effective protocol for the treatment of displaced extension supracondylar fractures in children that could be easily and safely used by relatively inexperienced orthopaedic surgeons. The reason for designing such a protocol was that in our centre, which is a reference University hospital admitting approximately 2500 paediatric orthopaedic emergencies each year, twothirds of the surgeons on call have less than four years' experience after graduation.
After a critical review of the literature, the following protocol was chosen; closed reduction under general anaesthesia with fluoroscopic control and lateral percutaneous pinning using two parallel Kirschner (K) wires. The Kwires had to be separated by a minimum distance of 10 mm and be more than 1.6 mm in diameter. If closed reduction failed, open reduction and internal fixation by cross-pinning was carried out using a medial approach with identification of the ulnar nerve. The K-wires had to cross above the level of the fracture and be more than 1.6 mm in diameter.
We report the results in 116 patients treated during the first two years after the introduction of this protocol and with a follow-up of more than one year.
Patients and Methods
Between November 1993 and November 1995 we studied, prospectively, 116 patients with an extension displaced supracondylar fracture of the humerus. The inclusion criteria were an open humeral growth plate, unilateral extension type fracture, and displacement of more than 2 mm. There were 70 boys and 46 girls with a mean age at presentation of 5.7 years (0.5 to 12.4; median, 5.5). The initial displacement was classified according to Gartland, 3 30 being type II and 86 type III. The right elbow was involved in 51 patients and the left in 65. In three patients the fracture was open (2 Cauchoix type 1 and 1 type 2). In seven patients there was an associated fracture of the ipsilateral forearm. A purely sensory neurological deficit was present in 11 patients (9.5%). In these patients, the initial displacement was classified as type II in two and type III in nine. In five patients, all with type-III displaced fractures, distal ischaemia with an absent radial pulse was found at presentation. Normal blood flow was restored after reduction in all patients and no exploration of blood vessels was necessary.
Treatment was carried out as soon as possible when patients were seen less than 24 hours after injury but was delayed in ten patients who were seen three to ten days after injury. A total of 90 patients was treated using closed reduction under general anaesthesia with fluoroscopic control and lateral percutaneous pinning using two parallel wires of more than 1.6 mm in diameter with separation of more than 10 mm (Fig. 1) as described by Judet 4,5 and Pouliquen.
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Open reduction via a medial approach with identification of the ulnar nerve and internal fixation by cross-pinning ( Fig. 2) was carried out in 26 patients when closed reduction failed. In all cases the wires were buried under the skin and the arm immobilised in an above-elbow cast and a light shoulder immobiliser. Six surgeons were involved in the study; four junior surgeons (with less than four years' experience) and two senior surgeons. Training in the use of this protocol was supervised by a senior surgeon for six months. The mean number of injuries treated during a junior surgeon's period of training was six.
The patients who had percutaneous pinning were discharged 12 to 24 hours after surgery and those who required open reduction on the second day. The wires and cast were removed after five to six weeks. The patients were not seen and no radiographs were taken during the period of immobilisation. Clinical evaluation at final follow-up was based on that of Flynn, Matthews and Benoit. 7 The overall rating was assessed using the modified Flynn classification reported by Webb and Sherman 8 and Boyd and Aronson 9 (Table I) .
Radiological assessment was made at the time of removal of the wires and at final follow-up, on anteroposterior (AP) and lateral views of both elbows and on frontal full-arm views of both sides. Postoperative AP radiographs were compared with those taken at the time of removal of the wires and at final follow-up. The Baumann, humeroulnar and lateral humerocapitellar angles 10 of both arms were recorded. A difference of more than 5° between two measurements was considered significant. The radiological evaluation and the final clinical evaluation were performed by one of the authors who was not involved in the care of the patients.
Results
Eight patients were lost to follow-up during the first postoperative year. The mean follow-up of the remaining 108 was 27.9 months (12 to 47, median 26.5). There were no local complications such as wound infection. At final follow-up, using Flynn's modified classification [7] [8] [9] (Table II) , the clinical result was excellent in 99 patients (91.6%), good in five (4.6%) and poor in four (3.7%). All the poor results were due to a poor cosmetic result, but with good or excellent function. No significant difference could be detected with the numbers available between the two forms of initial treatment (closed or open reduction and fixation). All the patients with a poor final result had a Gartland type-III initial displacement. A difference of more than 5° between the two sides was found in 17 patients for Baumann's angle, in nine for the humeroulnar angle and in 20 for the humerocapitellar angle (Table III) . No correlation was found between those differences and the clinical results as evaluated by Flynn's classification. In eight patients (6.8%) a difference of more than 5° was found for Baumann's angle between the postoperative radiographs and those taken at the time of removal of the wires, all with type-III fractures (three after closed reduction and pinning and five after open reduction and cross-pinning). In two patients the end result was considered to be poor because of a poor cosmetic result with cubitus varus. In the remaining six patients remodelling occurred and all were classified as excellent.
In all four patients with a poor final result, a technical error was found in the initial treatment. Three had been treated percutaneously; in two an anatomical reduction of the fracture was not obtained with persistent rotation between the fragments, and in the remaining elbow the wires were positioned too close together, leading to secondary displacement with rotation of the fragments around the axes of the wires (Fig. 3) . In the fourth patient treated by open surgery, the technique was also poor, one of the wires being unicortical, allowing secondary displacement around the single bicortical wire (Fig. 4) . All four technical mistakes were made by junior surgeons during their first six months of experience when the guideline criteria for a good reduction and a safe fixation had not been strictly followed.
Discussion
Extension supracondylar fractures are the most common fractures around the elbow in children and adolescents. Fractures with Gartland type-I displacement are commonly treated by an above-elbow cast without reduction. The treatment of more severely displaced (Gartland type II and type III) fractures remains controversial. The aim of our protocol was to develop a simple algorithm of treatment to provide the best functional and cosmetic result even when undertaken by less experienced surgeons, the shortest time in hospital and the simplest follow-up regime.
Five methods of treatment for displaced supracondylar extension-type fractures are described in the literature. These are closed reduction and above-elbow casting. Blount's technique 11 (in which reduction is maintained by a flexed position of the elbow in a collar and cuff sling), skeletal traction, primary closed reduction and percutaneous fixation (using lateral wires or medial and lateral Primary closed reduction and percutaneous pinning is the preferred treatment for type-III injuries with the lowest rate of compartment syndrome of the forearm and residual deformity. 2 In designing our guidelines, we extended the indication for this technique to all type-II displacements in order to reduce the incidence of secondary displacement and the necessity for repeat radiographs. We did not use the modification of Wilkins et al 1 of the Gartland classification 3 which separates type-II displacements into two groups in order to make the therapeutic decision easier. The technique of pinning is controversial. Percutaneous cross-pinning is theoretically the more stable biomechanical construct. 13, 14 This technique has been popularised by Radiograph showing a crossed K-wire configuration with one unicortical wire which allows rotation of the distal fragment around the other. We therefore choose lateral pinning by two parallel pins as the primary treatment for displaced fractures. The technique has to be correctly applied. The K-wires must be strictly parallel and separated by a distance of more than 10 mm. If the wires are positioned too closely, the mechanical construct is equivalent to a single wire construct and allows rotation of the distal fragment around the axes of the wires. This was pointed out by Judet 5 who initially used a single wire. 4 Irreducible fractures have to be managed by open reduction and internal fixation which can be done either via a medial, posterior or lateral approach. We chose the medial approach in order to visualise the ulnar nerve during reduction, with the minimum of dissection. Crosspinning was chosen as the method of fixation after an open medial approach because of its ease and safety, if the medial wire is introduced on the anterior aspect of the medial condyle. We chose to bury the wires routinely, both when using the percutaneous and the open technique. This avoids pinsite infection which can have serious consequences. 9, 21, 22 It has the disadvantage of requiring anaesthesia for its removal.
To evaluate our results, we chose Flynn's modified overall rating (Table I) . This is the most rigorous classification since any cubitus varus deformity is considered to be a poor result, whatever the function of the elbow. Table IV compares our results with others in the literature which use the same classification.
Our treatment protocol gave excellent or good results in 96% of cases with 7% of patients lost to follow-up at a mean of 28 months. Comparing the results of our treatment protocol with other published series, we consider it to be a safe method, even when undertaken by less experienced surgeons.
All type-II fractures were classified as having excellent or good results. The four poor results, all in type-III fractures, were considered to be the result of technical errors when the guidelines were not followed, i.e., failure of initial reduction or poor mechanical pinning. This was probably due to the level of experience of the surgeons involved in the primary care; all four mistakes were by junior staff in their first six months.
We did not find one technique of pinning to be superior to the other, confirming the experience of Topping et al. 17 Secondary displacement, with a difference of more than 5°i n Baumann's angle between the postoperative radiograph and that taken at the time of removal of the wires, occurred in three of the 90 patients treated by lateral percutaneous pinning and in five of the 26 treated by open cross-pinning. All had type-III fractures. In two cases of secondary displacement, poor results were due to technical errors (Figs 3  and 4) . The displacement in the remaining six patients was less than 10° and of no clinical significance. No correlation was found between the modified Flynn's overall rating and the radiological AP and lateral angles at final follow-up. This may be due to the fact that a moderate variation in the position of the limb relative to the cassette or to the direction of the x-ray beam, may significantly alter the assessment of these angles.
